Abstract. To improve the battlefield perception and relieve the conflict of the radar resource distribution, a radar resource scheduling algorithm introducing micro-motion targets imaging with sparse aperture is proposed in this paper. Firstly, the resource scheduling optimization model was constructed and solved by heuristic algorithm. Then, the sensing matrix was constructed by using the tracking pulse aperture and the vacant aperture after scheduling other tasks. Finally, the micro-motion feature extraction and targets imaging could be achieved based on the Orthogonal Matching Pursuit (OMP) algorithm. Simulations demonstrate that the proposed algorithm can obtain the micro-motion target image as well as achieve higher resource utilization ratio.
Introduction
In order to adapt to the complex battlefield environment of modern information warfare, phased array radar must use its characteristics of beam agility to achieve multiple targets search, tracking, recognition and imaging in the condition of limited radar resource [1] . Reasonable scheduling strategy is the key to its advantage [2] . So far, many researchers have carried out in-depth research on radar resource scheduling methods. In [3] , an adaptive algorithm of phased array radar based on time window is proposed to verify the rationality and validity of introducing time window in the scheduling process. The fuzzy logic is introduced into the radar task scheduling priority design in [4] , and the radar task priority allocation based on fuzzy reasoning is realized. In [5] , an optimal solution algorithm based on the pulse interleaving, so automatic recognition and classification of target can be realized. However, in almost all existing adaptive resource scheduling algorithms, the imaging mission isn't taken into account. So a radar resource scheduling algorithm introducing micro-motion targets imaging with sparse aperture is proposed in this paper.
Design the Sensing Matrix
In order to reconstruct the original echo information and avoid aliasing in the frequency domain of the micro-Doppler signal, it is necessary to design a suitable sensing matrix Θ Θ ΦΨ ( = ) . The observation matrix Φ is constructed by extracting the M rows from the unit matrix N N × I , and the extracted position corresponds to the time of the pulse signal emission, which is related to the allocation of radar time resource by the scheduling algorithm optimization model. The observation matrix is constructed according to the tracking pulse and the idle time resources after the scheduling, which is updated at the end of each scheduling interval, so that the orthogonality of the sensing matrix achieves the condition of reconstructing the original signal with high probability. ′ is constructed according to the assigned sub-aperture distribution in the k -th scheduling intervals, the observation matrixΦ , i k after thek -th scheduling interval can be expressed
After determining the sensing matrix Θ , the original signal is reconstructed by the OMP algorithm, and the micro-motion feature of the target can be extracted by the method of [6] , then the micro-motion target imaging is realized.
Radar Resource Optimal Scheduling Algorithm
The radar mission model is defined as:
where et denotes the expected execution time of the task scheduling; st denotes the actual execution time of the task scheduling; ω denotes the time window of the task; l denotes the dwell time of the task and P denotes the task priority.
The radar resource scheduling model can be expressed as:
where, 1 2 g , g are the weighting adjustment coefficients, which represent the degree of influence of the scheduling benefit function and the number of imaging tasks on the objective function; img N is the number of the imaging tasks. ptra N is the number of micro-motion target in the precision tracking tasks. The first constraint gives the range of actual execution time of each task; the second constraint shows that there is no conflict between the scheduled tasks, i.e. the dwell pulse of the task cannot been preempted; the last two constraints assign the tasks that has not been successfully scheduled in this scheduling interval to a delay or delete list [7] . The radar resource optimization scheduling algorithm can be summarized as follows: Step1: Take the radar tasks that apply for execution in the scheduling interval, and add them to the application list according to the corresponding priority from high to low. Discretize the system time, let the task counter 1 i = , and the adjustment counter 1 j = .
Step2: For the i -th radar task, if the expected execution time satisfies the time constraint shown in Eq. (2), then send the task to the execution list and updates the time slot vector, return to step 5; otherwise, return to step 3.
Step3: Move j τ ∆ or j τ − ∆ on the expected execution time of the task to determine whether the task can be scheduled in this scheduling interval. If the time constraint is satisfied, then send the task into the execution list and updates the time slot vector, return to step 5; otherwise, return to step 4.
Step4: Determine whether the task can be scheduled in the time window. If
, let 1 j j = + and return to step 3; Otherwise, determine whether the latest execution time of the task is within the next scheduling interval. If the task is satisfied, add it to the delay list; otherwise, add it to the delete list.
Step5: Let
> , return to step 6, otherwise return to step2. Step6: Find the elements k u of the time slot vector that are idle. According to the order of priority, allocate the apertures to each micro-motion target that needs to be imaged. The observation matrix is constructed according to the tracking pulse and the idle aperture distribution, and the feature and image of micro-motion target can be obtained by the OMP algorithm.
Step7: End the scheduling interval analysis.
Simulation and Analysis
In order to verify the effectiveness of the radar resource scheduling algorithm based on micro-motion target imaging, the following simulation experiments are carried out. The scheduling interval is set to 50 ms , the simulation time is 3s. Assume that there are 15 precision tracking tasks and 40 ordinary tracking tasks. The target parameters are summarized in Table 1 . The coordinate of scattering point relative to reference point (0, 2, 0) ,
(0, 0,1500) (300, 300, 300) (0, 0,1000)
Rotational angular velocity (rad/s)
The proposed resource scheduling algorithm is used to allocate the aperture resource to three micro-motion targets and construct the perceptual matrix. The time-frequency (TF) distribution and imaging results of the reconstructed signal are shown in Figure 1 and Figure 2 . We can see that, the TF distribution of the reconstructed signal is consistent with the theoretical situation, and the imaging results are in good agreement with the distribution of the scattering points, which proves the effectiveness of the micro-motion target imaging algorithm under the sparse aperture condition. In order to measure the performance of the radar resource scheduling, the scheduling success ratio (SSR), the hit value ratio (HVR) and the time utilization ratio (TUR) are taken as the metric. The performance comparison between the traditional resource scheduling algorithm proposed in [8] and the radar resource scheduling algorithm proposed in this paper are summarized in Table 2 .
It is observed that the proposed algorithm can improve each performance metric, obtaining high quality image of the micro-motion target while accomplishing tracking and searching tasks, which improves the working efficiency of the phased array radar significantly. 
Conclusion
In this paper, a radar resource scheduling algorithm introducing micro-motion targets imaging have been proposed, which makes full use of the tracking pulse and the idle time resource to extract the micro-motion feature and obtain the image of the target. The simulation results show that the algorithm can accomplish tracking and search task effectively as well as obtain high quality image of the micro-motion targets, thus improving the ability of radar to identify the target and the system resource utilization.
